Background With only a third of Latinos achieving sustained virologic response (SVR), there is a need for enhanced HCV treatment. Amantadine has been proposed to improve response rates in addition to standard therapy with peginterferon a and ribavirin. Our objective is to evaluate whether triple therapy with amantadine improves SVR rates in this special population. Method Treatment-naïve Latino subjects with HCV genotype 1 infection were randomized to receive peginterferon a-2a plus weight-based ribavirin for 48 weeks (double therapy) or the same regimen plus amantadine 200 mg daily (triple therapy). The primary endpoint was SVR. Predictors of liver fibrosis using APRI and Forns indices were also evaluated.
Introduction
Hepatitis C accounts for 64% of newly diagnosed chronic liver disease cases with 100,000 new hepatitis C cases diagnosed each year [1] . In Mexico, an estimated 1 million persons are infected [2, 3] with predominantly genotype 1 hepatitis C virus (HCV) [4] [5] [6] . Standard therapy for hepatitis C infection is pegylated interferon and ribavirin [7] . Despite major improvements in hepatitis C treatment, sustained virological response is achieved in \50% of patients [8] [9] [10] . Recent evidence indicates that Latinos have lower rates of sustained virologic response rates than other ethnic groups and have a more aggressive disease course with increased risk of progression to end-stage liver disease [11] [12] [13] . Thus, Latinos represent a special population that may benefit from enhanced therapy.
Amantadine, a tricyclic amine, has antiviral activity against a broad range of viruses including influenza A virus, via its action against the target M2 protein [14, 15] . The region of the HCV genome between the structural and nonstructural regions encodes a 63-amino acid membrane protein knows as p7, a family of viral ion channels that mediate cation fluxes across viral and cellular membranes [15, 16] . In vitro assays demonstrate that amantadine inhibits both the M2 and p7 ion channels [14, [16] [17] [18] . The benefit of amantadine in addition to conventional therapy is uncertain [17, 19, 20] . It has been posited that the addition of the antiviral agent amantadine to standard therapy may improve response rates [21, 22] . Conflicting evidence exists with several trials noting an improvement in SVR with triple therapy [21] [22] [23] , while others suggest amantadine has no benefit [24] [25] [26] [27] .
Our study sought to evaluate whether triple therapy with amantadine improved SVR rates over conventional therapy in a naïve genotype 1 HCV Latino population.
Patients and Methods
We identified men and women age 18-65 years with genotype 1 HCV infection defined by the presence of an HCV antibody (second-or third-generation enzyme immunoassay), HCV RNA positive by reverse-transcription polymerase chain reaction (PCR Cobas Amplicor HCV Monitor test, version 2.0, Roche Molecular Systems, Genoma WTC, Mexico City, quantitative \600 IU/ml, qualitative \50 IU/ml limits of detection, respectively), and genotype 1 infection (Inno-Lipa PCR, Genoma WTC, Mexico City). All patients had elevated serum alanine aminotransferase (ALT) levels ([40 IU/l) for at least 6 months. Patients with cirrhosis were included only if they were Child-Pugh Class A (compensated disease). All patients were of Latino ethnicity (self-identified as ''Latino or Hispanic'') with Spanish as their primary language and were born in the Mexican Republic. No subject had previously been treated with interferon, peginterferon a, ribavirin, and/or amantadine. In all patients a pre-treatment liver biopsy was encouraged but not required.
Patients with other causes of liver disease, HIV infection, hepatitis B infection, end-stage renal disease, autoimmune disorders, decompensated liver disease, and complication of portal hypertension (variceal bleeding, ascites, encephalopathy, Child-Pugh B or C, hepatocellular carcinoma), hemoglobin lower than 12 g/dl, platelets \70, 000 plt/mm 3 , pregnancy, uncontrolled psychiatric disease, neoplastic disease, severe cardiac disease, alcohol or drug abuse, and refusal to use contraception during treatment, were excluded.
Previous literature has suggested that the addition of amantadine to standard therapy can increase SVR rates from 40 to 64% [28] . Our sample size with 63 subjects receiving double therapy and 61 subjects receiving triple therapy allows for 80% power to detect a difference of SVR between 40 and 64% with 5% type I error. All patients were assessed at screening, weeks 2, 4, 8, 12, 16, 20, 24, 36 , and 48 during treatment and 6 months after treatment (week 72). Hematology and biochemical tests were performed by a local laboratory. In patients without a decline in HCV RNA at week 24 treatment was discontinued. All patients who received at least one dose of medication were included in the study analysis. All patients provided written informed consent and the study was approved by the center ethics committee according to the Declaration of Helsinki.
Study Endpoints
The primary endpoint was sustained virologic response (SVR) defined as undetectable qualitative HCV RNA at the end of follow up (72 weeks). Patients in whom HCV RNA values were missing at the end of follow up were classified as nonresponders. Secondary endpoints were early virological response (EVR) defined as a C2 log reduction or undetectable HCV RNA at week 12 and the end of treatment response (EOTR) defined as an undetectable HCV RNA at week 48.
Liver Biopsy
All patients were encouraged to have a percutaneous liver biopsy before therapy to grade the histology activity index (HAI) and fibrosis stage by Knodell index [29] . Due to its simplicity, the Knodell index is the staging score used at our institution (0: no fibrosis; 1: fibrous portal expansion; 3: bridging fibrosis; 4: cirrhosis).
Fibrosis Non-invasive Index
To evaluate for significant liver fibrosis we used two different non-invasive fibrosis indices as tools for the assessment of liver fibrosis: the AST to platelet ratio index (APRI) formula: (as described)
with values of \0.5 or [1.5 for no fibrosis or significant fibrosis, respectively, and APRI values of \1.0 or [2.0 for absence or presence of cirrhosis [30] , and the Forns index score system formula: [31] Forns index
with cutoff values of \4.21 (absence) and [6.9 (presence) of significant fibrosis.
Statistical Analysis
Continuous variables are presented as means and standard deviation; categorical variables are shown in percentages. We used the t-test for comparison of continuous variables. For univariate comparisons of dichotomous or categorical variables we used the Chi-square test. A p-value of \0.05 was considered to be statistically significant. For identification of independent predictors of virological response, we used multivariate logistic regression modeling. For APRI and Forns indices, receiver operating characteristics (ROC) curves were constructed to illustrate the predictive power of the independent variables for significant fibrosis (F3-F4) vs. no fibrosis. We used SAS software version 9.1.3 (SAS Institute Inc., Cary, NC) for data analysis.
Results
A total of 124 patients with chronic hepatitis C genotype 1 were enrolled. After randomization, 63 patients were treated with the conventional double therapy (double group) and 61 patients with triple therapy with amantadine (triple group; Fig. 1 ). Patient baseline and demographic characteristics are summarized in Table 1 . These characteristics were similar in both treatment groups (double vs. triple) with respect to age, gender, body mass index, pre-treatment ALT, HCV RNA, platelets and APRI or Forns index.
There was a slight predominance of women in both groups. The mean age was 46.2 years in the double group and 44 years in the triple group. The principal risk factor in both groups was history of transfusion. Most of the patients in the study were overweight (BMI 25-29.9) (mean BMI = 27.5). The mean of the viral load was 976,646 IU/ ml for the double group and 914,453 IU/ml for the triple group, and no significant difference in the patients with high viral load ([600,000 IU/ml) in each group. Liver biopsy was obtained in 44 of 63 patients in the double group and 52 of 61 patients in the triple group. Knodell bridging fibrosis or F3 was identified in eight and four biopsies of the double and triple group, respectively, and cirrhosis (F4) in nine patients in each group.
Virologic Response
The early virological response (EVR) obtained at 12 weeks of therapy was 68.2% (43 patients) in the double group and 75.4% (46 patients) in the triple group (p = 0.376). The end of treatment response (EOTR) at 48 weeks of treatment was 58.7% (37 patients) in the double group and 57.3% (35 patients) in the triple group (p = 0.879). Sustained virological response (SVR) was achieved in 25 patients (39.7%) vs. 26 patients (42.6%) in the triple regimen (p = 0.561). There was no statistical difference in either double or triple therapy with amantadine by EVR, EOTR, or SVR rates (Fig. 2) .
At the end of the follow up there were 24 (38.0%) nonresponders in the double group and 26 (42.6%) nonresponders in the triple group. The relapse rates were 22.3% (14 patients) and 14.8% (nine patients) in the double and triple group, respectively. Biochemical response, defined as normalization of ALT (B40 IU/l) at 6 months after end of treatment was similar in both groups (double group: 26 patients, 41.2% vs. triple group: 29 patients, 47.5%) and was not statistically significant (p = 0.321; Fig. 3 ).
Predictors of Response
After multivariate analysis we found obesity (BMI C 30) (p = 0.0012), pretreatment ALT (p = 0.0249), and significant fibrosis (F0-F1 vs. F3-F4) (p = 0.0234) inversely related to SVR. Lower BMI and lower pre-treatment ALT were associated with higher SVR rate; also higher fibrosis ([1) was associated with a lower SVR rate. On the other hand, the viral load and double or triple therapy were not significantly related to SVR rate (Table 2) .
Non-invasive Fibrosis Marker Comparison
We correlated the pre-treatment APRI and Forns with the fibrosis stage in patients with liver biopsies. For the diagnosis of significant fibrosis, APRI values delimited an area under the ROC curve (AUROC) of 0.724 and Forns index an AUROC of 0.733, indicating no meaningful difference between these methods as markers for significant fibrosis, with almost identical assessment methods for advance fibrosis (Fig. 4) .
Adverse Events
The variety and frequency of adverse events were similar in both groups. Side-effects were usually mild and reversible. As a consequence of adverse events (thrombocytopenia, neutropenia, anemia), peginterferon and ribavirin had to be reduced in 19 and 13 patients, respectively, in the double group and in 14 and eight patients, respectively, in the triple group. The therapy was suspended permanently in five patients (7.9%) in the double group and six patients (9.8%) in the triple group. There were three patients lost to follow-up in the study (one in the double group and two in triple group). The most common adverse events observed were fatigue, myalgias, arthralgias, headache, flu-like symptoms, dry skin, nausea, and the hematological disorders describe above. Fig. 3 Virological outcome between the groups. The data is expressed as percentages. All patients who received at least one dose of medication were included in the study analysis. P-values for the difference between the double and triple therapy group for rates of SVR, non-response and relapse were p = 0.561, p = 0.607 and p = 0.285, respectively. NR non-response, SVR sustained virological response 
Discussion
This study was designed to determine whether triple therapy with amantadine is superior to double therapy for chronic hepatitis C genotype 1 infection in a Latino population. We found that triple therapy with amantadine was equivalent to double therapy in terms of tolerability and side-effects but did not demonstrate a benefit in rates of sustained virologic response. Any difference in the virological response between the double and triple regimen could not be explained only by the baseline characteristics. After adjustment for diverse factors as pretreatment-ALT, age, viral load, BMI, fibrosis and cirrhosis the finding was consistent. Pre-treatment viral load, gender, and BMI that had been identified related to response to therapy [7, 32] were similar in both groups. The impact of HCV genotype in double and triple therapy was controlled by enrolling only genotype 1 HCV patients. We also observed that factors related to therapy as the need for dose reduction, discontinuation/compliance of treatment did not explain difference in response toward one group.
These results confirm previous findings of recently published randomized trials demonstrating no benefit from the addition of amantadine to peginterferon and ribavirin in a Caucasian population [26, 27] . Our findings confirm a lack of benefit in a Latino population. In our study, the combination of Peginterferon plus ribavirin with or without amantadine reach 39-42% of sustained response, this translates to a lower SVR than published for non-Latino white patients between 45 and 55% [13, 33] but better than the African American sustained virological response of 28-30% [34] . The racial differences in response to antiviral therapy have been attributed to diverse factors such as weight, insulin resistance, and socio-cultural factors [12, 35] , but also to viral and host factors that influence the response to antiviral therapy in the form of altered viral kinetics and pharmacokinetics [36, 37] . A recent study from Ge et al. [38] identified genetic polymorphism in the IL28B gene that was associated with a two-fold difference in response to treatment among Europeans than in AfricanAmericans patients, which can explain differences in response rates between these populations. Genetic studies in Latino patients to explore these differences are warranted.
Metabolic factors, such as obesity, steatosis, dislipidemias, and insulin resistance, have been shown to decrease the rates of sustained response to standard treatment. Latinos have a higher prevalence of the metabolic syndrome, diabetes, and insulin resistance [12, 39] , which may explain the lower response rates in this population. The multivariate analysis confirmed that some of these baseline prognostic factors are predictors of response, including fibrosis stage and BMI.
Both non-invasive fibrosis markers, APRI, and Forns could predict significant fibrosis (stages F3-F4) versus no fibrosis but we did not find that one was superior to the other for identifying advance fibrosis.
Our study has several limitations. Our study sample size was based on data from Brillanti et al. [28] , which found a difference in SVR rates of more than 24% between those receiving amantadine with standard therapy and those on standard therapy. Thus, we enrolled 124 subjects allowing us 80% power to detect this difference. Subsequent studies [21, 23] have suggested that this difference in SVR rates is smaller (7.0-12.5%), and thus our study would have lacked sufficient power to detect such a difference.
An additional limitation is the lack of blinding in our study, which could theoretically lead to enrollment bias and alter outcomes. However, our groups were evenly matched in terms of stage of liver disease, age, BMI, and viral load, and no significant difference in response rates was seen, suggesting that the lack of blinding did not alter our results.
In conclusion, our study demonstrates that the addition of amantadine does not improve SVR in Latino patients with HCV genotype 1. Further research with nuclease/ protease and polymerase inhibitors or new strategies of treatment with the standard combination is needed for the improvement of treatment rates in this special population.
